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(Effl 0D FOE KAPID BASE SWfflCI* 



nu Wwatloa 1« «* M " lly „"""„ DBA M* 10,1 

b '» *" , 'o' b,..s » th. «« 

200-500 bases »« 10 ; 24 „ i4 .., MK 1W «°* 

«»'■ r xi r.r proc.«». .« »»» 

n on-human sources. . $1 pe r base, 

intensive and cost approxxmately » ^ Se(JU encing with 

By tfay of example. Sanger^ of the national 

Chain-Terminating inhibitors. ?rovide £or 

A cademy of Science. USA 1^ ^ prlmlng sit e. 

seguencing 1S-200 ° ln the pri mer extension to 

Radioactive phosphorus i. used coupled w.th 

pro vide a marKer. Enzymatic IT ^ DNA 

cha in terminating *< eCU "°" at one of the four DHA 

fra gments which terminate rand my ^ thymine 

baB es: adenine CA> c^os C«. ^ are gepaEat ed 
(T). The four sets or 
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1 .c tl o n o' ...l~ctl.lt, on . pnoto^.pMc .11.. 

uc.nl l«.«r.t.tio» typte.Hr 

" ,.i. — « ~ 

"'".I.-* t.«.i,u.. «. i^-z 

* me fraaments proceeds by elecciopu"'- 

.t «unT «- »« " f. -"^ * tMi '. m «, B ., t 

^ jrr=J=^ ~ := - 

, „ „ , , reach a method tor partial «» 
674 . 679 (aune 1986). flU0E esceat dyes are 

of DNA sequence analysis. r Sanger 
provided to individually label » prx-r . J* ^ 
method is used to produce four sets of » "J ^ 
terminate at one of the four » ^ bases , vxt ^ 
characterized by one of the f ^"^^Ltical BNA 
reaction products. each contaxning many xd 
foments. are mixed "^^^tion " then used 
polyacrylamide gel column. Laser ««""° tne 
to identify and characterize mxgratxon 
lab eled DNA fragments on the column vb e the 
, spectral properties of the f " s ^ enciaq 

identify the terminal base on each J Data 

fragments of up to 400 bases has been reported. 
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l8 provided ». r.pid ••'"•^« tl01> provl de. f« '» 

M „rtlMlY. It • " ° ' . , MW .i, for DNA .Id 

to provide .n »utom»ted b»«e "I" 

BNR. „„ r invention i. r« process 

.notn.r - Tavin, »«■ — ° £ 

Ion, .trend, of DN» or HM». 

""on. ot»er o 6J .« 1. » »»«« "* 
individual base6. novel features of 

— o. rr --a,. ^ thfi aescription 

the invention will be set £ o te those 

which follow., and in pa tne fol ioving or 

billed in the art upon ^^^^ The objects 

- - - — VZl "In n^ - be reaped and 
and advantages of the i in6tralffi entalities and 

attained by » ean6 o£ . in ttte appended 

combinations particularly pointed out 

accordance with the purposes of the p ^ (K DNA 

embodied and broadly described herein. 

and E N A base sequencing "J^^,.. lB a moving 
fr om a strand of DNA or RNA i . ««P on tfae 

sample stream. Using an exonuclease. the 
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„, ., - - » 'rvr:.™"". - *..'."™" 

passage through a detector 

sequence of the DNA or HNA fragment. inV ention. 
lir 6 Xh D r\aent i f i a bl e 

are sequentially cleave, fro. "^J^^ ba8e s. 

of t ne strands to for. a train of _ theQ 

The single. cleaved bases in the trai 
sequentially identified to reconstruct the base 
of the DNA or RNA strand. invention. 

in one particular characterisatxon of the 
eac h of the nucleotides --ctWe -r ™^ . 
synthesis is modifie "^Synthesized fro. the 
characteristic. A strand o DNA » ^ d strand iE 

B odified nucleotides, where the syntn 

elementary to a « o« HKA ^ having ^ ^ 
seguence to i^"™^ ^.^J and suspended in a 
complementary DNA or RNA aividual identifiable 

flowing sample stream. lnd ^™ tft . free ena of 

nucleotides are sequentially cl..v.d «o» 
t*. suspended DNA strand. The single bases 
sequentially identi* .ed . r» -a se * = £ the 
DNA or HNA strand can then 
complementary DNA strand base sequence ' 

MTCT ^rBTPTTOTl OF THF DRAWINGS 

, and form a part of the specification x lu tra 
embodiment of the present invention and. ^ " 
description, serve to explain the principle 
invention. In the drawings: 
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of a DNA sequencing 
hi , illustration or 
FIGURE 1 1. • 9 £8phlC U ' nt invention. 

252^"-— -^eent invention. 
According « the P iq latge dna or 

* a for sequencing the d«» fra gments in a 

— :; r.: 

h a detection device, m on interrogated by 

w .«ity •« »"*• „ oa tMt b»a «* »» •«*»*• t * a[ 

•»■»« ■ ». - - °rr:r.: - 
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• e bases: - Q " nucleotides are 

OE9 0 r uracil (HNA) • The »» and ««* ° ide6 a nd 

strands of nucleotides can he t ^ c0OP lement of 

each b... «»»'"»« .* / tM e0M l.».»»W TBe 
„«iv.X.« to •.«!> „„„»..« 1» » £loUl 
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sequentially f«m the free en 

d.ter.iMd by «>• """" o£ aet .ctio». A projected 

o £ ,00P bases/eec „ „ . t , na , ta 

. K „' bases, «. J"' tQurs „ , Musnce ,„ 0 - 5 oo 

techniques which take iw * 

^ — - r » » 

Leled wit* cdor-cod.d lele" s.spead 

ot tB . £ o»r bases "^^"^V-l^."l. W . bases i» ■ 

tt. nowin, sample ■ <" * e „ a o£ „. suspended DNR 

U.ntifl.bl. bases <«. " "^^ x. 

labeled bases as "ey 110 individual process 

s system. Exemplary embodiments «< «" """ iau 

steps arc hereinafter discussed. 

, „. »,^t to m mat Mt 

m accordance »xtn tw present process 

«. is - £ ; o ;"; £ L . 

30 analysis. I. .» ls bound to 

».tero,.»e,». -I— » £ '"L^^ary .0 

ml crospb.r.s and a biotmy »ted probe. ^ is 
some sequence wttnin toe desxred 
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the microspheres. The 

^«-»»'«»£„r - » w " "„ 

Known ««»»• 1 "* «.»»»»• 14 
, ,u trasm.nt ^ " ;, to contain • slM 

„tntln-vldl» »»"« a " , lMl . 

:r=« fW co.tvt«u » 4i - - 

tnen Wb.""- » ^ ^ win - »— 

.1 M 1. Dm 

ai ero.pl..r.. , M .o,.n.o»« * 

In anotnet «bo4iw"- 5ene llM ,ry 

'"Ton .«, » »« » tne BictosP""" 12 

" e r" - c "'^-Tro'in^- »»— 4 

„ aE discussed belov. 
analysis as dis ol Bases be ana iyzed 

SJLuc^y^^ fragment to be - 

^Tb^es forming the characteristics. 
are provided wit, «««*^ l \ tt . eIl direct to 
entUia bl e ^teruativeiy . 

first be modified 
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ba " 8 ' MlMat a fluorescent characteristic is 

in one embodiment. * intrinsic 
provided. The bases toun in ^ ^ tooffi 

fluorescence Quantum J 1 ** tbeBe bases by a 

temperature. In order to detect ^ modify 

florescence .echnigue however it 1- ^ 
them to form species with iarg ies> iie .. to 

yields and distinguishable spectral properties. 

label the bases. „„.,«-. a complementary strand 

It is Known how to -T"»""J proee dure. 
of ON* with labeled t« ^^ic Synt hesis of 
See. e.g.. P. *• W « J^/ ^ Nucleic Acid 
Bi otin-I.abeled ^^ 0 ^\J° ScU USA 78. 6633 
Affinity Probes.- Proc. Natl. - heBl8 and 

(1981): M. L. et a N ; cleotifle AnalogS .- 

Characterization of Biotxn-Labeled tefe rence. 

DNA 247 c»M„ -^"r^uid „ - 

Hef erring " ^" ^ aa enzyme, e.g.. ~ 

end of a DN, f ragment 10a. ^ ^ 6yQthesi2e t he 

polymerase-Klenow fragment froa the end of 

complement to DNA fragment M. •«« g are 
primer 12. Modified ^ ^ ^ dTTP 

used in the synthesis (typically mo 

(or dUTP) lea, dCTP 18a, and dOTP 2^> . ^ ^ ^ 

E ach of the modified ^ ^ and 22b. 

carbon chain linker arm ™* — tlgtic flU orescent 
, respectively, terminating in • nucle0tide6 ^ 

dye 14c, 16c. 18c. and 22c- tne synt hesized 

!«. 18. and 21 are then UnlceE arms 14b. 

fragment by DNA polymerase. The 
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ii c. ^ from the bases 14a. 14*. 

uninhibited enzyme * ctivity ' have bee n synthesized 

D NA fragments severa « 1 « 
uit h each base co«^ teE de8crl bed. To 

terminating In biotin as lng , and cleaving 

exemplify the DKA "i^ «« • tfa8 forB ed. 

pEO cesses a Known strand of W* ^ terBin ating in 

nucleotides were tagged wi ^ gyntheBi2e d 

biotin. and a complementary strand ^ ^ ^ 

fEO m the tagged nucleotides Bxot.n „ ^ the 

than fluorescent dyes 



tag rather 



syn thesis and cleavage r ,„ 

L . Preparation of Known stran fay 
A polynucleotide. «<A.Q> 21 „ ^ al , 

the method outlined in *• - TeEB iaal 
•■Heteropolynucleotide sy^- 851 

Deoxyribonucleotidyltransferase Synthe sized with 

{1967) and "Heteropolynucleotides SY 
ielminal -oxyr ibonucleotidyltran .erase. ^ 
Neighbor Kreguencies and 4L2 
Micrococcal Deoxyr ibonuclea ^ ^ average nU mber 
( 1,S8). The subscript. 213 . the A and 

of bases in the *»^ nt "^V. are inco rporated in a 
the G indicates that the bases 

random order. 5 . .triphosphate of 

Ten .icromoles ^ of ^ ^ 

2 ._deoxyadenosme ( d ATP ) w ine (dGT P) and 

the 5- -triphosphate of 2 deoxyg £ , _ tfaymi(iyllc add 

nanomoles of the linear heptamer ^ ^ Qf 

[d( P T) 7 ] which acts as a pr • solution which was 

terminal "^nsferase were added t ^ 
buffered at pH 7 and the reactio 
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.„»« »£ "'T- * ieh *<»•<",». " 6 

, Ihed abov 



pE epared as -scribe* abov- « ^ ^ 
nucleotides (dCTP) and dC«P) bio tinylated 
fixture c, XO -7 e X cytidiae (dCT P) and *o 
5 , diphosphate of 2 5 . .diphosphate of 

na nomoles of ^e b -t-y ^ ^ of 

2 ._deoxyuridine (dOTP> was ^ unit6 of 

dC A .G) 2138 - 22 ^"TeU « leat 7 . were the* added 
DNA po^erase (. coXi) . « , ^ ^ ^ 

t o the ^ture which was bu ere Qf tfae 

at a temperature of 37 C for 2 deBonstEa ted that 

re6 u lt ing -oducts h. electrophores,^ ^ 

tbe reaction " x»KA figment. d(C.U) 21 ,.. 

biotinylated complementary 

formed. loaV aae of biotinylated d(C ' U) 2138- 

3 . Exonuclease cleavage or syQ thesized 

The completely ^^^^ by adding 10 
as described above, was seguentxally & of 
units of exonuclease HI The paction 

e( A .C) 2138 — yla " d at ( pH 2 e 38 aad 37°c for two 
nature" was maintained at PH ^ ^ reaCtlon 

h ours. It the end •« «" ^ waS cleaved and the 

fixture showed that 30* ot t pEOC eeding. * 

cl eavage reaction appeared to yielde d 85* 

control reaction using uo-X « .x..^ does appeaE 

cleavage in two hours. Hence. 



d(A.G> 2 i38' 
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the tagged nucleotides were 

MA fragments. ore sent invention, the selected 
ln .cccrdance with the pr ftr bioti n to 

fluorescent dyes are type with a dye 

6P ecifically -/^t nucleotide. «• 
characteristic of that # ^ baBe with . 

complementary *NA chain wiU fiy tfay of 

characteristic, strongly ^ & ^ o£ foBr 

example. Smith et — 

ind ividually distinguishabie tags g ^ ^ „ 

The sensitivity for cWng Beveral dye 

increased. if ™ C "" ty '™ tm . Alternatively, large 
molecules along the ^ Bicc06pheE e S 

P hycoerythrin-liKe ^ may be attached to the 

containing many dye molecule « * # fluo rescent 

linKer arm. in ft ano«- ^ 6tranded 

lab els might ^ attached ™ th * P necessi ty of formxng 

fragm ent. thereby g the complementary strand. 

lab eled hases and synthes ^ ffiay be either 

It should be noted { fiingle strand of I** 

. single or double strand of ™ A ^ 

arises where the selected «» . ^ Eesyn thesized 

f or base identification or 6eparat ed from the 

, Elementary tagged ~ J"^" aciseS where - 
selected strand. ao re mains combined wxth the 

synthesized « ^ the te tm -fragment- 

selec ted -- a ^ onmion6 . 
refers to any and all of ^^^^^eotides 
0 *-ZS£^-^^ identifiable 
Af ter DNA fragment 10 fragme nt 
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!U. ISA- ' „ o£ tM 

linker «» •»» "» " „„n„cl...«. •«"*«• 

. M y»atic .otlvWr .« •«« "7, U „ K c .„„ction 1= 
..onuci.a... »1U cleave «tt «W ■» IM1 , ltillly 

. M y»>t:ioally cle.v.a tr a . mo n.tieted above. 

herein by reference. Tne ra* t « TO .rature. or 

w varyin, " xo re.ove one 

* tM °Lr i "T.\n". cr^r o< on. —on*, 

base can be made to ..Studies on 

see. ..... «■ Ea ": U 23 1 ."nos-ma ex...). 

Polynucleotides." J. Bio. Cnem. 234 no 

p^-,- nucule Detection and ^ 

""^Individual modified nucleotides )*. i_ 
are carried by «1~ stream ^ ^^^.nTr-^ 
section and analysis by - u^U » - 

3,. one embodiment of a I"" 1 et al .. 

detection system is described in pence Detection in 
..Ultrasensitive .aser-lnduced »- 
Hydrodynamically Focused Flows." J. Opt refeEe nce. 
, X38-143. No. 2 (1987). incorporated »er ^ 
T >e pnotomultiplier-based detection syste ^ 
herein bas detected single molecules ^ 
f0CU8 ed. flovin, .J. W!-a of 

fluorescence, see o. c. » gyatodynamically 
„ S in„le H.lecnlee o £ ««"*7"*" ^ . Mal . a— 

— — «* " 6 "; i r" 8 a 7 " "raie, herein by 
59. 2158-2161 (September 1987), mco v 

reference. 
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protein containing the 
Pnycoerythrin is a l»r P BOle cules. The 

detection of single » ole ^ suggested by 

an d equivalent aye of iBpEO ved lit* 

iBP rove»ents. Thus, a detect0E quanta, 

collection ^on and gated detection to 

efficiency, or pol..d '""^..a wit h the Nguyen et al. 
t educe background noxM e " * sa8 accomplished in 

r-rTToorr^oieUe to .ov — - 

hya rodynamically f "««..-««. detection system 
provided with an *-Ptov.d « appUcatio n by Shera. 

.escribed in a '"^T JcU No. SS.737. 
-Single Molecule ™ e ™*' A6 tbe rein described, 

incorporated herein " flow cell li modified 

flow stream 24 °^ id " lB the sequence they are 

nucleotides 11. *• « 44 LaseE 6y6te m 11 excites 

cl eaved from DNA strand 10 ^ ^ selected 

r idtnt^-on-In iaminar samp, «~ U 

— — 

£ oc».ea by 1«. 24 »« . , lcIO c»nB.l P»" 

|>« to output «P" ial iae6 , ,..,...1 

p60 to n ....... » ^ r 

0 ot » ■• 1 "» 1 \- i r° 32 < Ittatio. -hi- «- 

.,.ot..l «•«•— " - „ e l4 .«i tl .d. As noted 

by Shera. su£ra. data 
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♦ « effectively provides a moving sample 
16 It .X 21 laaWiWUr cl..v.o tro. ds» 

t " rrirz. ir i — - 

be used to establish the base sequence for the DNA 

..... » r:i - 

„„!.».= « .1.. ■«« cy«.."y .na sort.ao. «J 
,.«* «!».). l»c,rp.r.» a .."in « "™ a J", £lou 
tor ,..«.utl» « » .econd.ry i* 

«„«.. ». ".;„;„> J 



substrate can — -> 

resolve the sorted molecules by other "°>*""-- effibodlment 

The foregoing description of the preferred l «bo* 
of th e invention has been presented for be 
illustration and description. It is not intended 
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„ M „.tiv. or to li.it tt. l.»«tio» to «. pr.=i« «r. 
. , \o..ibi. i» U<.« t6 * Chln( '- " 

"pi L t>. PtinciPi.. .« «. nation «. it. pt.c c. 
^iic.tioo to «bl. «... rtlU- I" »« «< » 

b.«t utilize th. iawntion in v.rlou. " d 
" o" " Lictio*. .» «. ..it., to tbe P.ttic«l.t ». 

co n t..pi«. a .. it i. u««— «>-« ° £ «*• 

iav.ntioa b. «tln.a W tbe cl.i.s «p.n«° »•«»■ 
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WHAT IS CLAIMED IS ^ . n _ 

!. A method for DNA and ENA base sequencing. 

comprising the steps of: 

isolating * single fragment of DNA or ENA; 

introducing said single fragment into a moving sample 

""sequentially cleaving the end base from the DNA or ENA 
fragment with exonuclease to form a train of said bases; 

"'detecting said bases in said train in sequential 
passage through a detector. 

2 A method according to Claim 1. wherein each said 
b ase of said single fragment is modified to contain a tag 
having an identifiable characteristic for said base 

3. A method according to Claim 2. where said bases 
are modified prior to said cleavage. 

4 A method according to Claim 2. further including 
the step of enzymatically synthesizing a strand of DNA 
complementary to a DNA or ENA strand to be characterized 
where each nucleotide forming said synthesized strand 
contains a tag characteristic of that nucleotide. 
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- 5 A method according to Claim 2. wherein said tag 
i8 "separated from the nucleotide by a linKer arm effective 

I'method according to Claim l. wherein said 
cleaved bases are detected °Pt4cally^ 

7 A method according to Claim 6. wherein ea 

w . "uc„.«« «. •« - o£ 

"TT^ «CCO taiM » «.» 7. «««« U-l-^ 

o A method according to Claim i. " 

the step of hybridizing said fragment to 
havlD g a site Active for said ^ diz 

10 . A method according to ^ Claim . f torn a 

the step of selecting said DNA or RNA f g 
heterogeneous collection of ° effective to hybridize 

said site is a biotinylated probe effective 
with DNA or RNA fragments to be 

11 A method according to Claim 9. where 

moviola, sat- TO b.tr.t. with » .it. 

characteristics: h « from a 

seguentially cleaving single identifiable »s r 
single one of said fragments to form a train of 
identifiable bases; and train, 
identifying said single, cleaved bases m said train. 
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,,„. to claim 12. further Including 
fluorescent dye to each said base. tfhereln tne steps 

complementary strand. further including 

i; a r^.; - - - 

?rrrr r ai :/ y - > — 

srSu— 

of DNA complementary to a DNA or 

sequence to be ""^"f : nucleo tide sequentially 

fro ;rii::ie 6 ^:::: — * -« — - dna 

strand: and ta . eti , dye t0 identify 

fluorescing each said characteristic aye 

said sequence of nucleotides. 
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1S . a .coram, to ci.i. ». <*•'•» 

..i/i dv.s iurtner co»prl»es tbe »t»p» « • 
„eitin, ..=» ■»" £ " a °»<= l «"" Ui " * 

.«.„««. to «»«.« C.r.=t.ri.ti= 

nuol.otU.. .««"• «" "' U "" ° £ °" 
™ A ' 2 o A ..t».a .=cot«i M to Cl.i. 1.. »«h.r U.X-U. 

effective for hybridization. 
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